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(57) ABSTRACT

A work vehicle includes a fuel tank, a control module, a fuel
access detection device, a fuel level sensor, and a reaction

assembly. The fuel access detection device detects the
accessibility of the fuel, and transmits a first signal 1ndica-
tive of the accessibility of the fuel to the control module. The
fuel level sensor detects a volume of the fuel, and transmits
a second signal related to the volume of the fuel to the
control module. The reaction assembly 1s coupled to the
control module and performs a first reaction and a second
reaction after the first reaction. In the first reaction the
reaction assembly 1s commanded by the control module
based on the first signal, and 1n the second reaction the
reaction assembly 1s commanded by the control module
based on the second signal when the volume of the fuel 1s
changed.

18 Claims, 6 Drawing Sheets
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WORK VEHICLE FUEL ANTI-THEFT
SYSTEM

RELATED APPLICATIONS

N/A.

FIELD OF THE DISCLOSURE

The present disclosure relates generally to a fuel anti-theft
device for a work vehicle for notifying an operator when fuel
1s removed.

BACKGROUND OF THE DISCLOSURE

In general, when an operator leaves a work vehicle on a
job site fuel theft can be an 1ssue. Without a warning from

a fuel anti-theit device, a thief may remove fuel and the
operator may only realize fuel was removed aiter returning
to the work vehicle.

SUMMARY OF THE DISCLOSURE

According to an aspect of the present disclosure, a work
vehicle includes a fuel tank, a control module, a fuel access
detection device, a fuel level sensor, and a reaction assem-
bly. The fuel tank 1s used for storing a fuel. The fuel access
detection device 1s configured to detect the accessibility of
the fuel, and to transmit a first signal indicative of the
accessibility of the fuel to the control module. The fuel level
sensor 1s configured to detect a volume of the fuel, and to
transmit a second signal related to the volume of the fuel to
the control module. The reaction assembly 1s coupled to the
control module and performs a first reaction and a second
reaction after the first reaction. In the first reaction the
reaction assembly 1s commanded by the control module
based on the first signal, and 1n the second reaction the
reaction assembly 1s commanded by the control module
based on the second signal when the volume of the fuel 1s
changed.

According to an aspect of the present disclosure, a fuel
anti-theft system for a work vehicle includes a notifying
device. The notifying device 1s positioned in proximity to an
operator or work vehicle owner. The work vehicle 1s con-
figured to communicate with the notifying device. The work
vehicle includes a fuel tank, a control module, a tuel access
detection device, a fuel level sensor, and a reaction assem-
bly. The fuel tank 1s used for storing a fuel. The fuel access
detection device 1s configured to detect the accessibility of
the fuel, and to transmit a first signal indicative of the
accessibility of the tuel to the control module. The fuel level
sensor 1s configured to detect a volume of the fuel, and to
transmit a second signal related to the volume of the fuel to
the control module. The reaction assembly 1s coupled to the
control module and configured for performing a first reac-
tion and a second reaction after the first reaction. In the first
reaction the reaction assembly 1s commanded by the control
module based on the first signal, and 1n the second reaction
the reaction assembly 1s commanded by the control module
based on the second signal when the volume of the fuel 1s
changed.

According to an aspect of the present disclosure, a method
for fuel theft detection and alert for a work vehicle 1is
disclosed. The method includes: detecting an accessibility of
fuel 1n a fuel tank of the work vehicle by a fuel access
detection device; receiving a first signal indicative of the
accessibility of fuel by a control module when the fuel 1s
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accessible; commanding a reaction assembly to perform a
first reaction by the control module based on the first signal;
detecting a volume of the fuel by a fuel level sensor;
receiving a second signal related to the volume of the fuel by
the control module; determining the volume of the fuel
change based on the second signal; and commanding the
reaction assembly to perform a second reaction by the
control module when the volume of the fuel 1s changed.

The disclosure provides a work vehicle and a fuel anti-
thelt system thereof for recording fuel theft, alerting an
operator or owner, and alarming and deterring fuel thief.

Other features and aspects will become apparent by
consideration of the detailed description and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description of the drawings refers to the
accompanying figures in which:

FIG. 1 1s a pictonial diagram illustrating a fuel anti-theft
system;

FIG. 2A 1s a block diagram illustrating the tuel anti-theft
system when 1t 15 1nactive;

FIG. 2B 1s a block diagram illustrating the fuel access
detection device triggered and transmitting a first signal to
wake up the first controller;

FIG. 2C 15 a block diagram 1llustrating that when the fuel
access detection device 1s triggered outside a pre-set time
frame, the fuel anti-theft system noftifies a work vehicle
OWNET;

FIG. 2D 1s a block diagram illustrating that when the
volume of the fuel 1s changed, the fuel anti-theft system
notifies the work vehicle owner and deters the fuel thiet; and

FIG. 3 1s a flowchart of a method for fuel theft detection
and alert for a work vehicle.

DETAILED DESCRIPTION OF THE DRAWINGS

The disclosure relates to a fuel anti-theft system utilized
on a work vehicle to notify the vehicle owner and deter the
fuel thief. Although the description of the eclements 1is
directed to an excavator, the description 1s equally appli-
cable to a backhoe loader, a skid steer loader, or other
vehicles.

Referring to FIG. 1, the fuel anti-theft system 1 includes
a work vehicle 2, for example, an excavator, and a notifying
device 5 communicating with the work vehicle 2 via an alert
module 42, which includes a transceiver. The alert module
42, optionally, can be a component of JDLink™ Telematics.
The notitying device 3 1s used to notily the vehicle owner of
the situation of the work vehicle 2, and can be a handheld
device such as a cellphone or a tablet, or a terminal at a
remote work station. "

The work vehicle 2 includes a fuel
access detection device 22, a fuel tank 24 positioned 1n the
compartment of the work vehicle 2 for storing a fuel, and a
control module 3 for controlling alerting and alarming
actions that will be described later. A fuel level sensor 26 1s
positioned within the fuel tank 24 to detect the volume of the
fuel. In this embodiment, the fuel level sensor 26 1s a fuel
sender. An mput device 6 1s coupled to the control module
3 and 1s configured to set up a time Iframe for normal
operation/business time.

The fuel access detection device 22 1s configured to detect
the accessibility of the fuel, and to transmit a first signal
indicative of the accessibility of the fuel to the control
module 3. The control module 3 may record the time when
it recerves the first signal or utilize a timestamp in the first
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signal to record the time. The accessibility of the fuel may
involve at least two situations: (1) a fuel door of the work
vehicle 2 1s opened; and (2) the fuel cap separates from the
opening of the fuel tank 24 or from the hose (fuel filler neck)
connected to the fuel tank 24.

For the first situation, the fuel access detection device 22
can be a fuel door switch positioned 1n proximity to the fuel
door. The fuel access detection device 22 1n this embodiment
may be a resilient pin or piece selectively engaged with the
fuel door. When the fuel door i1s closed, the fuel access
detection device 22 1s pressed by the fuel door; when the tuel
door 1s open, the fuel access detection device 22 1s not
engaged with the fuel door. The first signal indicative of the
accessibility of the fuel 1s created during the transition of the
tuel door that moves from closed to open. For the second
situation, the fuel access detection device 22 can be a sensor
such as displacement, vibration, acceleration sensor applied
on the fuel cap. When the fuel cap i1s removed from the
opening of the fuel tank 24, the first signal indicative of the
accessibility of the fuel 1s created due to the movement of
the fuel cap.

The first and second situations of the accessibility of the
tuel presented above are only examples. The fuel access
detection device 22 can be either the door switch or sensor
on the fuel cap, or both. In case the fuel access detection
device 22 includes the door switch and the sensor, the door
switch provides a signal notifying the control module 3 that
the fuel door 1s open before the sensor provides a signal
notifying the control module 3 that the fuel cap 1s removed.
Alternatively, the fuel access detection device 22 can be
positioned on other locations such as the housing of the fuel
tank 24 or the inside of the hose connected to the fuel tank
24 to detect the vibration or intrusion caused by a fuel thief.

FIG. 2A demonstrates the fuel anti-thelt system 1 when it
1s mactive. Dashed line arrows between the elements 1llus-
trating two of the elements are capable to communicate with
one another but have not transmitted nor received any signal.
On the contrary, solid line arrows 1n FIGS. 2B-2D represent
signals that are transmitted from or received by one of the
clements.

Referring to FIGS. 1 and 2A, the control module 3
includes a first controller 32 and second controller 34
coupled to the first controller 32. In this embodiment, the
first controller 32 1s a vehicle controller and the second
controller 34 1s a cab controller. The work vehicle 2 also
includes a reaction assembly 4 performing reactions after
receiving controlling signals from the control module 3. The
reaction assembly 4 includes the alert module 42, an alarm
module 44, and a camera 46. The alarm module 44 includes
a horn 442 and lights 444.

Referring to FIG. 2B, the fuel access detection device 22
detects the accessibility of fuel. If the fuel becomes acces-
sible, such as the fuel door 1s open or the fuel cap 1s
removed, the fuel access detection device 22 transmits the
first signal indicative of the accessibility of the fuel to wake
up the first controller 32 of the control module 3.

Referring to FIG. 2C, 1f the first controller 32 receives the
first signal outside the time frame that was preset by the
owner, the first controller 32 powers the second controller 34
and commands the reaction assembly 4 at least 1n the first
reaction. In this embodiment, the first reaction includes the
alert module 42 of the reaction assembly 4 transmitting an
alerting signal notitying the owner/user of the vehicle that
the fuel 1s accessible. It 1s noted that the time frame here
represents the normal business/working/operation time. It 1s
possible that the owner/user preset another time frame that
represents non-working time (alerting time). However, set-
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4

ting the time frame for working time automatically setting
another time frame for non-working time.

Referring to FIG. 2D, during or after the first reaction, the
fuel level sensor 26 detects the volume of the fuel and
transmits a second signal indicative of the volume of the fuel
to the first controller 32. The first controller 32 determines
whether the volume of the fuel 1s changed by comparing the
current volume represented by the second signal and previ-
ous volume represented by the previous signal. Alterna-
tively, the second signal may only be transmitted to the first
controller 32 when volume of the fuel 1s changed.

Once the first controller 32 determines the volume of the
fuel 1s changed based on the second signal, the reaction
assembly 4 performs a second reaction aiter the first reac-
tion. The second reaction 1s operated under the control of the
control module 3; in this embodiment, in the second reaction
the reaction assembly 4 1s partially commanded by the first
controller 32 and the second controller 34. The second
reaction includes the alert module 42 transmitting another
alerting signal notitying the owner/user of the work vehicle

2 that the volume of the fuel 1s changed (reduced when the
tuel thief 1s trying to drain the fuel), and the horn 442 (or
reverse alarm) of the alarm module 44, commanded by the
first controller 32, providing sound to deter the fuel thief.
The second reaction also includes the lights 444 of the alarm
module 44, commanded by the second controller 34, pro-
viding light to deter the fuel thief.

In addition, the second reaction includes the camera 46,
commanded by the second controller 34, recording objects
around the work vehicle 2 as a bird’s eye 1image. The thief
may be recorded by the camera 46. The camera 46 may be
positioned at a relatively high position such as the top of the
cabin or the boom of the excavator in this embodiment to
record broader area. The camera 46 may be a bird’s eye
camera.

After at least the first and second reactions, the system
may power down.

It 1s noted that the multiple elements in the reaction
assembly 4, including alert module 42, horn 442, lights 444,
and camera 46 merely exemplily the first and second reac-
tions. It 1s possible to include other elements to perform the
first and second reactions. It 1s also possible to exchange the
series of the performances of the elements 1n the first and
second reactions, with the controllers commanding at a
different time or sequence. In addition, the number of the
controllers 1n this embodiment 1s merely for example. The
control module 3 may only have one controller or may have
more than two controllers commanding the elements in the
reaction assembly 4 at different time or at least some of the
clements at the same time.

The disclosure also includes a method for fuel theft
detection and alert applied on a work vehicle to form a fuel
anti-theft system. FIG. 3 illustrates the method.

S1: Detecting an accessibility of fuel 1n a fuel tank of the
work vehicle by a fuel access detection device.

S2: It fuel 1s accessible, a first signal indicative of the
accessibility of the fuel transmitted by the fuel access
detection device will be recerved by a control module. In this
embodiment, the first signal 1s recerved by a first controller
of the control module.

S3: Waking up the first controller of the control module by
the first signal.

S4: Checking the time when the fuel 1s accessible. This
may include checking the time the first signal 1s created by
the fuel access detection device or received by the first
controller.
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S3: Outside user pre-set time frame? If yes, go to S6; if
no, go to S10.

S6: Powering a second controller, and performing a {irst
reaction by an alert module of a reaction assembly which 1s
commanded by the first controller based on the first signal.
The first reaction includes transmitting an alerting signal
notifying a user of the work vehicle that the fuel 1s acces-
sible.

S7: Detecting a volume of the fuel by a fuel level sensor.

S8: Fuel volume changed? It yes, go to 89; 11 no, go to
S10.

S9: It the fuel volume 1s changed, performing a second
reaction by the reaction assembly which 1s commanded by
at least one of the first and second controllers. The second
reaction includes at least one of transmitting another alerting
signal by the alert module notifying the user of the work
vehicle that the volume of the fuel 1s changed, providing at
least one of a sound by a horn and/or reverse alarm,
providing light by lights/bulbs, and recording objects around
the work vehicle on a bird’s eye 1image by camera or video
recorder. Providing light and recording objects may be
performed concurrently to create a better recording.

In this step, the alert module, the horn, and/or reverse
alarm are commanded by the first controller. The lights and
camera (or video recorder) are commanded by the second
controller.

S510: End. The system powers down.

The first controller 1s woken up prior to the second
controller to control the element such as the alert module to
save energy because the first controller’s command 1s sui-
ficient for the first reaction unless the fuel 1s drained. It 1s
possible that the fuel access detection device detects the fuel
accessibility changed 11 the fuel door 1s not tightly closed or
tuel cap 1s not tightly push/twisted. The temperature or wind
may also lead to the fuel accessibility changed. The second
controller 1s powered, operating alone or cooperating with
the first controller to accomplish the second reaction. Check-
ing whether the first signal 1s created or received outside the
pre-set time frame avoids the alert and alarm modules being,
inadvertently triggered.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments or implementations and 1s not
intended to be limiting of the disclosure. As used herein, the
singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the any use of
the terms “has,” “have,” “having,” “include,” “includes,”
“including,” “comprise,” “comprises,” “‘comprising,” or the
like, 1n this specification, i1dentifies the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but does not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof.

One or more of the steps or operations in any of the
methods, processes, or systems discussed herein may be
omitted, repeated, or re-ordered and are within the scope of
the present disclosure.

While the above describes example embodiments of the
present disclosure, these descriptions should not be viewed
in a restrictive or limiting sense. Rather, there are several
variations and modifications which may be made without
departing from the scope of the appended claims.

What 1s claimed 1s:

1. A work vehicle, comprising:

a fuel tank for storing a fuel;

a first controller:

a second controller;
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6

a fuel access detection device configured to detect the
accessibility of the fuel, and to transmit a first signal
indicative of the accessibility of the fuel to the first

controller;

a fuel level sensor configured to detect a volume of the
fuel, and to transmit a second signal related to the
volume of the fuel to the first controller;

an 1nput device coupled to the first controller and config-
ured to set up a time frame;

a reaction assembly coupled to the primary first controller
and second controller and performing a {irst reaction
and a second reaction after the first reaction, in the first
reaction the reaction assembly commanded by the first
controller based on the first signal, and in the second
reaction the reaction assembly commanded by at least
one of the first controller and the second controller
based on the second signal when the volume of the fuel
1s changed; and

wherein the second controller 1s coupled to the first
controller and at least partially commands the reaction
assembly 1n the second reaction, the first controller 1s
woken by the first signal, and the first controller powers
the second controller when the first signal i1s recerved
outside the time frame:

wherein the first controller 1s a vehicle controller and the
second controller 1s a cab controller.

2. The work vehicle of claim 1, wherein the reaction
assembly comprises a transceiver, and 1n the first reaction
the transceiver transmits an alerting signal notifying a user
of the work vehicle that the tuel 1s accessible.

3. The work vehicle of claim 2, wherein in the second
reaction the transceiver transmits another alerting signal
notilying the user of the work vehicle that the volume of the
fuel reduced.

4. The work vehicle of claim 1, wherein the reaction
assembly comprises at least one of a horn and a light, and 1n
the second reaction at least one of the horn provides sound
and the light provides lighting.

5. The work vehicle of claim 4, wherein the reaction
assembly comprises at least one of the horn, a reverse alarm,
and the light.

6. The work vehicle of claim 5, wherein the first controller
receives the first signal and the second signal, and the first
controller 1s coupled to at least one of the horn and the
reverse alarm for commanding at least one of the horn and
the reverse alarm 1n the second reaction.

7. The work wvehicle of claim 6, wherein the second
controller 1s coupled to the first controller and the light, and
the second controller commands the light 1n the second
reaction.

8. The work vehicle of claim 1, wherein the reaction
assembly comprises a bird’s eye camera that records objects
around the work vehicle.

9. The work vehicle of claim 1, wherein the fuel access
detection device comprises a fuel door switch positioned
adjacent to a fuel door of the work vehicle, and the fuel door
switch 1s triggered to transmit the first signal to the first
controller when the fuel door 1s opened.

10. The work vehicle of claim 1, wherein the fuel access
detection device comprises a fuel cap secured on an opening
coupled to the fuel tank, and the fuel cap 1s triggered to
transmit the first signal to the first controller when the fuel
cap 1s removed from the opening.

11. A fuel anti-theit system for a work vehicle, compris-
ng:

a notifying device positioned 1n proximity to a user;
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the work vehicle configured to communicate with the
notifying device, comprising:

a fuel tank for storing a fuel;

a first controller:

a second controller;

a fuel access detection device configured to detect the

accessibility of the fuel, and to transmit a first signal
indicative of the accessibility of the fuel to the first
controller:

a Tuel level sensor configured to detect a volume of the
fuel, and to transmit a second signal related to the
volume of the fuel to the first controller; and

a reaction assembly coupled to the first controller and the
second controller and performing a first reaction and a

second reaction after the first reaction, in the first
reaction the reaction assembly commanded by the first
controller based on the first signal and the first reaction
comprising transmitting an alerting signal to the noti-
tying device, and 1n the second reaction the reaction
assembly commanded by at least one of the first
controller and the second controller based on the sec-
ond signal when the volume of the fuel 1s changed, and
the second reaction comprising transmitting another
alerting signal to the notifying device and providing at
least one of sound and lighting;

wherein the first controller 1s a vehicle controller and the

second controller 1s a cab controller.

12. The fuel anti-theft system of claim 11, wherein the
first controller commands the reaction assembly at least 1n
the first reaction, and the second controller 1s coupled to the
first controller and at least partially commands the reaction
assembly 1n the second reaction, the first controller 1s woken
by the first signal, and the first controller powers the second
controller when the first signal 1s recerved outside a pre-set
time frame.

13. A method for fuel theft detection and alert for a work
vehicle, comprising:

detecting an accessibility of fuel 1n a fuel tank of the work

vehicle by a fuel access detection device;
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receiving a first signal indicative of the accessibility of
fuel by a first controller when the fuel 1s accessible;

commanding a reaction assembly to perform a {first reac-
tion by the first controller based on the first signal;

waking the first controller after receiving the first signal,
the first controller configured to command the reaction
assembly at least 1n the first reaction;

checking the time the first signal i1s received;

powering a second controller when the time of the first
signal 1s received outside a pre-set time frame, the
second controller configured to at least partially com-
mand the reaction assembly 1n a second reaction;

detecting a volume of the fuel by a fuel level sensor;

recerving a second signal related to the volume of the fuel

by the first controller;

determiming the volume of the fuel change based on the
second signal; and

commanding the reaction assembly to perform the second
reaction by at least one of the first controller and second
controller when the volume of the fuel 1s changed;

wherein the first controller 1s a vehicle controller and the
second controller 1s a cab controller.

14. The method of claim 13, the first reaction comprising;:

transmitting an alerting signal notifying a user of the work
vehicle that the fuel 1s accessible.

15. The method of claim 13, the second reaction com-

prising:

transmitting an alerting signal notifying a user of the work
vehicle that the volume of the fuel 1s changed.
16. The method of claim 13, the second reaction com-

prising;:

providing at least one of sound and lighting.
17. The method of claim 13, the second reaction com-

prising:

recording objects around the work vehicle as a bird’s eye
image using a bird’s eye camera.

18. The method of claim 13, comprising:

recording the time of when at least one of the first and
second signals are recerved.
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